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Norman 


ABSTRACT. A complete census was made in a bottomland forest near 
Norman, Oklahoma, in 1956. Of the 13 tree species encountered, green ash 
(Fraxinus pennsylvanica var. subintegerrima) was the only dominant. 
American elm (Ulmus americana), cottonwood (Populus Sargentii) and per: 
simmon (Diospyros virginiana) were important secondary species, The con- 
siderable number of dead trees, the paucity of saplings, and the data from 
previous studies suggested that this forest had be deteriorating since 1948. 


A complete census of the tree population in a green ash bottom- 
land forest was accomplished in the autumn of 1956. The stand ana- 
lysed, known as the Oliver Wildlife Preserve, is located on the highest 
level of the South Canadian River, about two miles south of Norman, 
Oklahoma. In 1948 the area was very wet as indicated by the presence 
of the aquatic water-willow weed and liverwort-moss collars on the 
bases of most of the trees (Penfound 1948). Since 1948 the precipitation 
has been much below normal, especially in the even-numbered years 
of 1952, 1954 and i956. As a result the liverwort-moss collars have 
disappeared, many seedlings of the eastern red cedar have appeared, 
and a considerable number of trees have died, especially since 1952. 





METHODS 


The stand to be investigated was delineated by painting bright, red 
rings, at eye level, on trees just outside the plot. The area had been 
staked out previously, in 100 foot squares, by Dr. C. C. Carpenter. In 
our analysis, the DBH of all species, and a list of all saplings, were 
recorded by squares, care being taken to blaze each item when sampled. 
From these data the frequency, density and basal area of all species 
were calculated. The importance percentage was determined by adding 
relative frequency, relative density and relative basal area and divid- 
ing by three. Thanks are expressed to D. C. Ahshapanek, R. A. Diener, 
R. N. Sakamoto and V. E. Wiedeman for their help in collecting field 
data. 

The results (Table I) are based on a total sample of 13.54 acres. 
The dominant tree, on the basis of frequency, density, basal area and 
importance percentage, was the green ash, Fraxinus pennsylvanica 
var. subintegerrima (Vahl) Fern. Important secondary species in- 
cluded American elm, Ulmus americana L.; persimmon, Diospyros 
virginiana L. anc cottonwood, Populus Sargentii Dode (Table I). As 
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Table I 


Frequency, density, basal area and importance percentage of trees in a 
green ash forest near Norman, Oklahoma. 


























Species | Absolute Density, per acre Basal Importance 

Frequency | Trees | Splgs | Dead} Area) Percentage 
Green ash 59 79.7 0.9 13.2 51.12 40.49 
American elm 46 19.5 0.1 8.9 18.47 15.70 
Persimmon 46 27.7 9.6 11.0 6.45 14.33 
Cottonwood 26 3.3 0.0 0.1 28.81 11.90 
Minor species (9) 78 14.5 0.8 0.5 14.42 17.58 
Totals 255 144.7 11.4 33.7 117.27 100.00 





























in 1948, there were a few, very large cottonwood trees but no seedlings 
or saplings of this species. Minor species, in order of descending im- 
portance comprised hackberry, Celtis laevigata Willd.; burr oak, 
Quercus macrocarpa Michx.; pecan, Carya illinoensis (Wang.) K. Koch; 
black willow, Salix nigra Marsh.; box elder, Acer Negundo L.; catalpa, 
Catalpa speciosa Warder; hawthorn, Crataegus viridis L.; chittam- 
wood, Bumelia lanuginosa (Michx.) Pers. and Kentucky coffee-tree, 
Gymnocladus dioica (L.) K. Koch. The minor status of this group is 
indicated by the fact that the total importance percentage of these 
nine species was about the same as that of any one of the major sec- 
ondary species (Table I). 


The number, per acre, of dead trees (33.7) was 18 per cent of the 
total number of trees (178.4) and about three times that of saplings 
(Table I). An analysis of studies made by Penfound (1948), Kelting 
(1952) and the current one (1956), demonstrates a decreasing number 
of living trees per acre (338, 211, 145) and a progressive diminution in 
total basal area (219, 133, 117). In view of the continuing death of 
trees, due to drought, and the very small number of saplings, probably 
caused by heavy overgrazing it appears that this forest has been de- 
teriorating since 1948. 
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SUMMARY 


1. In a complete census of a green ash bottomland forest, green ash was 
the only dominant, and American elm, persimmon and cottonwood were 
important secondary species. 

2. The considerable number of dead trees, the meager number of saplings, 
and the data from previous studies demonstrated that this forest has been 
deteriorating since 1948. 
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SEASONAL CHANGES IN BOTTOM FAUNA OF AN 
OZARK HEADWATER STREAM (CLEAR CREEK, 
WASHINGTON COUNTY, ARKANSAS) 
JAMES E. SUBLETTE 
Northwestern State College, Natchitoches, Louisiana 


ABSTRACT. The physico-chemical features of Clear Creek, a headwater 
stream in Northwestern Arkansas, did not differ much from those described 
for limestone area streams in other parts of the U.S. The bottom fauna was 
dominated by insects. Of the fifty-three species (or groups) forty-four are 
insects. Differences in relative composition between upstream and down- 
stream stations were observed. The rather low fall standing crop gradually 
increased until in late winter at which time the maximum occurred. This 
large standing crop was then abruptly reduced by the erosional effects of 
flood waters. Following flooding, the relative composition of the standing 
crop was altered, apparently as a direct result of certain members being able 
to better withstand the erosional conditions. 


Only two studies of bottom fauna from streams of the Ozark 
physiographic province have been made, both from Missouri. The 
first, made by Sullavan (1929) on the Niangua River in Southern 
Missouri, was qualitative and confined to a single period in the 
summer. Most of his determinations were to family or genus and, in 
most instances, the descriptions are so generalized that one cannot 
determine whether the organisms were pool or riffle inhabitating. 
O’Connell and Campbell’s (1953) study was more precise with an 
adequate account of sampling stations. However, their identifications 
were to family only and quantitative treatment consisted of percentage 
composition and average of the total with no indication of variability 
of results. Also their study was confined to summer months. Both 
Sullivan (1929) and O’Connell and Campbell (1953) examined moder- 
ately large streams. 

This paper presents the results of a six month (October, 1948, to 
March, 1949) bottom faunal study of the riffles in a headwater Ozark 
stream, Clear Creek. 

I should like to thank Dr. Harold M. Hefley, formerly of the Depart- 
ment of Zoology, University of Arkansas, now at Panhandle A&M Col- 
lege, Goodwell, Oklahoma, and Dr. Carl E. Hoffman, Department of 
Zoology, University of Arkansas, Fayetteville, Arkansas, for their 
invaluable counsel on the many problems that arose during the investi- 
gation. I would also like to thank Dr. Lewis Berner, University of 
Florida, for making the Ephemeroptera identifications, Dr. H. H. 
Ross, Illinois Natural History Survey, for confirming the Trichoptera 
determinations, and Mr. R. Tucker Abbott, Philadelphia Academy of 
Science, for identifying the Gastropoda. 
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PHYSIOGRAPHIC FEATURES OF THE STREAM 


The stream valleys of the Ozark region exhibit two phases of 
development, which grade into each other wihotut sharp distinction. 
The simpler phase, an open trough bordered by hills and without 
rock ledges adjacent to the stream but with residual cherts generally 
covering the valley and flooring of the stream, is usually shown in the 
upper portion of the stream with the Canyon phase and its extensive 
meanders found on the lower stream (Adams and Ulrich, 1905). Clear 
Creek conforms generally to the first phase described. It is a primary 
tributary of the Illinois River which originates on the northern base 
of the Boston mountains in Arkansas and flows northward, then 
westward into the Plateau region of the Ozark uplift of Arkansas 
then on into Oklahoma. The small, clear stream which is fed by inter- 
mittent sheet wash from the adjacent hills and by springs, consists 
of narrow, shallow pools with numerous riffles interspersed. The 
riffles are usually formed by accumulations of roughly angular frag- 
ments of chert or occasionally by ledges of chert. The riffle materials 
are mostly gravel with some rubble as classified by Roelf’s (1944) 
system. 


MATERIALS AND METHODS 


Seven riffles within an approximate mile and a half length of the 
stream were selected on the basis of their similarities in length, width, 
and estimated gradient and flow. The seven stations were located as 
follows in Township 17N and Range 20 W: I and II in Section 14; III 
in Section 22; and IV, V, VI, and VII in Section 21. These riffles ranged 
from 6 feet to 10 feet in width with a length of from 10 to 16 feet. 
Macroscopic plants were absent from the riffles although the margins 
of pools supported a sparse growth of Dianthera americana (water 
willow). 


Bottom samples were taken by placing a Surber square-foot stream 
sampler at random within the main body of the riffle and dislodging 
the organisms by agitation of the sediments. After the organisms were 
concentrated in the apex of the net by a vigorous swishing they were 
transferred to a pint jar and taken to the laboratory. The samples, 
which were refrigerated to retard activity and decomposition of the 
organisms, were examined within six hours under a widefield binocular 
microscope and the organisms separated to major groups, counted, 
then preserved in 70% ethyl alcohol containing a few drops of gly- 
cerine. 


To supplement the bottom fauna data certain other analyses were 
conducted and data collected. These included water and air tempera- 
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tures, daily precipitation and determinations of dissolved oxygen, 
carbon dioxide, phenolthalein and methyl orange alkalinity, and hydro- 
gen ion concentration. Air temperature and daily precipitation records 
were secured through the courtesy of Mr. J. R. Prince from the Univer- 
sity of Arkansas Weather Station, located approximately two miles 
from the collecting stations. 

During the first part of the study one square foot sample was taken 
from each station twice a month. However, Stations I and II were 
discontinued on January 20, 1949, after three months of sampling 
because of impassable roads and during the week of January 24 to 31, 
Stations III and VI were eradicated by flood waters that changed the 
course of the stream. Consequently, only Stations IV, V, and VII were 
sampled over the entire six month period. Following this, two samples 
were taken from the remaining stations at each period of sampling. 

Water analyses were conducted using techniques described in The 
Standard Methods of Water Analysis (1946). Water temperatures 
were taken with a laboratory stem thermometer; hydrogen ion con- 
centrations were determined with a Hellige block comparator. 


PHYSICO-CHEMICAL FEATURES OF THE STREAM 

Clear Creek is typical of Ozark headwater, spring-fed streams in 
that turbidity is exceedingly low except at times of heavy rains. This 
lack of turbidity is also reflected in the basic economy of the stream 
since turbidity may be the result of planktonic organisms in the water. 
Their virtual absence here suggests (as indicated by the frequent 
presence of diatom-distended digestive tracts of midge larvae) that 
the primary trophic level revolves around the Aufwuchs assemblage 
rather than true phyto-plankton. 

Water temperatures during the period of study ranged from 18.0°C. 
to 1.0? C. At this latitude an ice cover seldom if ever occurs. 

Alkalinity in Clear Creek consisted entirely of bicarbonates. The 
concentration progressively decreased, with some fluctuation, from 
the highest value (137 p.p.m. on October 22) to a low of 61 p.p.m. on 
February 14, the last date alkalinity was sampled. This progressive 
decrease has been eccounted for in a Kentucky limestone stream by 
Neel (1951) who attributed it to dilution of ground water by surface 
runoff which is greatest in winter months. Figure 1 shows precipita- 
tion from October, 1948, to March, 1949. It can be seen that while the 
greatest amounts did not occur in January and February the distribu- 
tion of rainfall was such that it can be inferred that the ground 
remained saturated for greater periods of time. This in turn results 
in greater dilution of ground water and less bicarbonate in the stream. 
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Hydrogen ion concentration was not determined consistently. 
However, results are in agreement with Neel's (1951) findings for 
streams in Kentucky although pH values had a lower range than he 
described with a low of 6.8 occuring on February 1. 


Free carbon dioxide rarely occurred. A maximum concentration of 
7 p.p.m. was recorded on February 1. 


RESULTS AND DISCUSSION 


The bottom fauna of Clear Creek was composed mostly of insects. 
Trichoptera, Ephemeroptera, and Diptera were represented by the 
largest number of individuals and also included 66% of the total 
number of species. Within these three major groups only about 28% 
could be determined with fair accuracy to species. This agrees with 
Roback’s (1953) figure for the Tendipedidae (25%) of the Savannah 
River. This and similar studies clearly point out the need for additional 
life history studies of aquatic insects. In such streams as Clear Creek 
where the fauna is so clearly insectan a very valuable and accurate 
tool (Guyer and Hutscn, 1955) would be the use of funnel or tent traps 
to supplement the benthic sampling. 


The following is a check list of all species (and groups) of organisms 
collected during the six month study: 


PLATYHELMINTHES 

Curtisia foremani (Girard) 
NEMATODA 

(Undetermined species) 
CRUSTACEA 

Orconectes nana nana Williams 
Orconectes neglectus neglectus (Faxon) 
Lirceus hoppinae (Faxon)? 
PLECOPTERA 

Isoperla clio (Newman) 

Isogenus (Hydroperla) crosbyi (N & C.) 
Neoperla clymene (Newman) 
Taeniopteryx maura (Pictet) 
Brachyptera fasciata (Bluemeister) 
EPHEMEROPTERA 

Isonychia sp. 

Baetis sp. (pygmaeus gr.) 
Stenonema trivunctatum Banks 
Pseudocloeon sp. 

Caenis sp. 

Heptagenia sp. 

Heptagenia sp. 

Ephemerella sp. (invaria gr.) 
MEGALOPTERA 

Corydalus cornutus L. 

DIPTERA 

Simulium piscidium Riley? 
Eriocera fultonensis Alex. 

Tipula sp. 

Pentaneura sp. (flavifrons gr.) 
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Thienemanniella sp. 

Orthocladius (Orthocladius) sp. 
Orthocladius (Euorthocladius) sp. 
Metricnemus sp. near lundbecki Joh. 
Cardiocladius sp. near obscurus Joh. 
Diamesa fulva Joh. 

Cricotopus sp. 

Calosectra sp. near mancus (Walker) 
Calopsectra sp. 

Polypedilum (Polypedilum) obtusum (Townes) 
Tendipes (Limnochironomus) sp. near fumidus (Joh.) 
Microtendipes pedellus (DeGeer) 
Cryptochironomus sp. 

Atherix sp.? 

TRICHOPTERA 

Cheumatopsyche sp. 

Hydropsyche slossonae Banks 
Hydropsyche sp. (bifida gr.) 
Hydropsyche sp. near betteni Ross 
Hydropsyche sp. near simulans Ross 
Chimarra obscura (Walker) 
Chimarra aterrima Hagen? 
Helicopsyche borealis (Hagen) 
Polycentropus sp. 

Agapetus sp. 


COLEOPTERA 

Helichus sp. 

Psephenus herricki (DeKay) 
Elsianus sp. 


HYDRACARINA 
Hygrobates sp. 
Sperchon sp. 


GASTROPODA 
Ferrissia sp. 
Goniobasis sp. 

The horizontal distribution of the benthos within the riffles of a 
stream is highly variable. Three major patterns of variability of 
numbers are possible: (1) from shore to the center of the stream, 
(2) from the head to the lower end of the riffle and, (3) between the 
riffles upstream and downstream. Studies of the first of these possi- 
bitities have demonstrated that small streams (below about 15 feet 
width) tend to have a uniform production from shore to center 
Leger, 1910; Needham, 1928, 1934; Pate, 1931, 1932; Behny, 1937). 
Since stream width is generally dependent on position along the length 
of the stream these same studies have contributed to our knowledge 
of the third possible pattern of variability. In general bottom fauna 
production per unit area tends to decrease downstream. The second 
source of variation has not been adequately studied nor was the 


experimental design of this study such that it would clarify the prob- 
lem. Needham’s (1934) comment on the extreme variability of bottom 
samples is possibly a reflection of this source of variation. 
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Figure 1. Seasonal changes in total organisms as sampled at 3 stations 
(top) compared with daily rainfall (bottom). Rainfall of less than .05 inch 
per day was not recorded. 


Clear Creek exhibits a highly significant lack of homogeneity of 
standing crop between stations as tested with chi-square. This agrees 
with results of other workers (cf. Serber, 1936). It appears that this 
lack of homogeneity becomes more pronounced as cold weather pro- 
gresses. Figure 1 shows a scatter diagram of total numbers per sample 
of three stations plotted together. It is apparent that the range of vari- 
ation in numbers steadily increases up to about the last week of Janu- 
ary. At this time of the most pronounced environmental factors 
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becomes operational—flooding and subsequent erosion. This erosional 
effect has been observed in other streams (Moffett, 1936; Stehr and 
Branson, 1938). Figure 1 shows daily rainfall plotted with total num- 
bers. Obviously, rainfall in an area (in this instance the weather 
station was about two miles away) is only an approximate index to 
stream flow. However, since a direct relationship must exist it was 
used. During the fall two heavy rainfalls occurred (November 1 and 2 
and November 28 2nd 29). These did not produce more than a small 
rise in level with no detectable population erosion and decimation. 
During the last week of January, however, a heavy rainfall did cause 
a large rise and very pronounced erosion. It is thus seen that some 
heavy rains do not produce erosion while others do. This apparent 
discrepancy is explainable on the basis of rainfall immediately pro- 
ceeding the heavy rain. In November, heavy rains occurred after 
reasonably long dry periods; hence, most of the precipitation was 
absorbed rather than producing heavy runoff. In January, on the 
other hand, the heavy rains were preceeded by several days of inter- 
mittant rain whici caused the soil to become saturated with water. 
Consequently, the January heavy rains caused stream flooding as a 
result of the greatly increased runoff. 


As can be seen in Figure 1 this flooding caused the displacement 
and destruction of a good part of the riffle community. Destruction 
did not occur to all groups equally, dependent upon the organisms’ 
ability to maintain their original position. Of all groups present the 
Tendipedidae, with their largely tubicolous habit, survived best. From 
8.8% of the total before flooding the Tendipedidae rose to 25%, while 
other groups decreased in relative percentage. 


Clear Creek showed a distinct difference in percentage composition 
of most major groups between farthest upstream and downstream 
stations. The following are average percentages of samples taken from 
October through December: 


PERCENT OF TOTAL ORGANISMS 


Station I Station VII 
(Upstream) (Downstream) 
Trichoptera 68.4 33.0 
Ephemeroptera 14.0 41.0 
Simulium 6.7 5.3 
Tendipedidae 3.0 11.4 
Plecoptera 1.0 5.8 


All others 7.9 3.5 
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SUMMARY 


1. Clear Creek is a headwater tributary of the Illinois River in the 
Ozark Uplift of Arkansas. It is made up of numerous pools and riffles 
which form an open trough floored with chert gravel. Aquatic vegetation 
is sparsely represented along pool margins by water willow, Dianthera 
americana.. 


2. A six month study (October, 1948, to March, 1949) revealed that 
chemically, the waters resembled those described by Neel (1951) in 
Kentusky limestone streams. Alkalinity consisted entirely of bicarbon- 
ates with only an occasional sample containing CO, in small amounts. 
The pH ranged lower than reported by Neel (loc. cit.). Oxygen values 
were always high. 


3. The physical features were dominated by one outstanding thing— 
heavy rains in the late winter which caused severe erosion and change 
in stream bed configuration. 


4. The standing crop of riffle-inhabiting benthic invertebrates rose 
from a relatively low value in late fall to a peak of production in mid- 
winter. This populous community was at that time abruptly decimated 
by severe stream erosion. Following this there was a very gradual 
increase in numbers. 


5. Following severe erosion the relative percentage composition 
changed, apparently as a result of certain groups (the Tendipedidae) 
being more able to survive the erosional conditions. 


6. An upstream-downstream relative percentage composition differ- 
ence existed. In the most upstream station the caddisflies dominated 
with the mayflies occurring next in abundance. In the most dowstream 
station caddisflies were second in order of abundance with the mayflies 
occurring with the greatest frequency. The downstream also showed a 
large increase in numbers of Tendipedidae. 


7. A total of fifty-three species or groups was collected. A very 
large number could not be identified beyond genus because of inade- 
quate knowledge of life histories and immature stages. Bottom faunal 
investigations should be supplemented by rearing the aquatic insects 
to maturity. 
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OBSERVATIONS ON THE EULITTORAL 


| 
ICHTHYOFAUNA OF THE TEXAS GULF COAST 
GEORGE K. REID 
Department of Zoology, Rutgers University 
New Brunswick, New Jersey 

ABSTRACT. The shallow-water fish fauna of the northern Gulf of Mexico 
proper is but scantily reported in the literature. A study of the beach zone 
at Gilchrist, Texas, during the summer of 1955 revealed the presence of 38 
species of fishes. Certain of the Gulf inhabitants appeared to have moved 
into the area from East Bay through the newly-constructed Rollover Pass. 
The relative abundance and size distribution of several species indicated 


conditions intermediate between those of the Louisiana and lower Texas 
coasts. 


During the summer of 1954, 1955, and 1956, the author has been 
engaged in studying the ecology of East Bay, Texas, a part of the Gal- 
veston Bay system. This investigation, a project of the Marine Division, 
Texas Game and Fish Commission, was primarily concerned with the 
effects of the introduction of Gulf of Mexico waters into estuarine 
East Bay through Rollover Pass. The 1954 study was conducted prior 
to the cutting of the pass through Bolivar Peninsula and the results 
have been reported (Reid, 1955a, 1955b). Investigations of the bay 
were made in June, 1955 and 1956, following the excavation of the pass 
and the introduction of more saline waters; the report of the 1955 bay 
study has been published (Reid, 1956). 

Since the construction of the pass through narrow Bolivar Penin- 
sula would allow for intermingling of bay and Gulf organisms, atten- 
tion was also given to the fauna of the Gulf eulittoral zone. An account 
of the Gulf shallow-water fauna in the vicinity of Gilchrist, Texas, in 
June and early July, 1954, is contained in an earlier publication (Reid, 
1955b). 

The amount of published information relative to fish populations 
in the shallow beach-zones along the northern Gulf is deplorably 
meager. With this in mind, the present account of observations made 
in June, 1955, and comparison with data from 1954 are offered as a 
contribution to the knowledge of the Gulf fauna generally, and to an 
increased understanding of the life history, ecology, and distribution 
of several fish species specifically. 

Twenty-nine collections were made with a one hundred-foot seine, 
the mesh of which was three-quarters of an inch stretched. The net 
was carried out to a depth of approximately five feet, played out 
parallel to shore, and pulled straight in. Salinities were determined 


! 4 contribution from the Marine Laboratory, Texas Game and Fish Commission, Rockport, 
exas 
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by the Mohr titration technique. Temperatures were read from a 
glass tube thermonieter held in the water. Unless otherwise indicated, 
lengths of fishes are expressed as standard length. 


Grateful acknowledgement is accorded Mr. Cecil Reid, Director, 
Marine Division, Texas Game and Fish Commission, and his staff for 
their interest and ccoperation; Miss Patricia Pew, Marine Biologist, 
prepared Figures 1 and 2. Mr. H. D. Hoese and Mr. Anthony Inglis, 
students at Texas A. and M. College, employed by the Texas Game and 
Fish Commission, assisted in the study. 


ENVIRONMENT 


The Gulf beach at Gilchrist, Texas, approximately 26 miles north- 
east of Galveston, is straight and composed of rather dark-colored 
sand with a high content of shells and shell fragments. The Gulf 
bottom in the eulittoral zone shelves gradually, the ten-fathom con- 
tour (irregular in this area) being located some forty nautical miles 
offshore. The bottorn in the shallow-water zone is marked by parallel 
sand bars which result in the formation of pools at low tide. Vegeta- 
tion is absent. The summer tide range in the area during the study 
was approximately 1.5 feet. 


During June, 1955, the salinity ranged between 25.0 and 30.5%/00, 
with a mean of 29.3"/,. The temperature of the water during the day 
ranged from 27.2 to 31.6°C., the mean being 28.7°C. During a similar 
period in 1954, the salinity varied from 25.0 to 32.3°/,., and the surface 
temperature ranged near 30°C. 


Thirty-eight species of fishes were represented in over 7,000 speci- 
mens caught in 29 seine collections in June, 1955 (Table I). Compari- 
son with the 1954 data (Reid, 1955b) indicates a greater species density 
in 1955. During June-July, 1954, 25 species were recorded. Individuals 
representing eight species constituted 96.7 per cent of the total catch. 
In June, 1955, individuals of 14 species made up 95.8 per cent of the 
total catch. Three species caught in 1954 were not taken in 1955. 


SPECIES COLLECTED IN THE GULF BUT NOT IN EAST BAY IN 1955 


POLYDACTYLUS OCTONEMUS (Girard) Eight-fingered  threadfin. 
Twenty-seven threadfin (Family Polynemidae), 80 to 114 mm. in length, 
were caught in 14 of 29 seine collections in the surf. The species was con- 
spicuously absent trom the 1955 bay collections, although abundant in 
1954. The presence of the fish in the Gulf near Rollover Pass indicated that 
the fish were in the area but apparently did not enter the bay. 


VOMER SETAPINNIS (Mitchill). Moonfish. One moonfish (Family 
Carangidae) was caught in the surf at Gilchrist. Gunter (1945) has 
shown that thi sform is considerably more abundant in the Gulf than in 
bays along the lower Texas coast. 
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POMATOMUS SALTATRIX (Linnaeus). Bluefish. Two examples of this 
species (Family Pomatomidae) were caught in the surf. The fish were 139 
and 182 mm. in length and were caught in a salinity of 24.20/,,. Several were 
observed in sports catches from Rollover Pass. Gunter (1945) reported small 
bluefish in Aransas Bay in the spring and fall and pointed out the general 
decrease in numbers of the fish along the Texas coast. 


ORTHOPRISTIS CHRYSOPTERUS (Linnaeus). Pigfish. On the basis of 
our present knowledge, this haemulid should have been relatively common in 
the bay. The fish were present in the bay in June, 1954, and none was caught 
in the Gulf. During the present study, one example was taken in the Gulf 
collections and none in the bay, although fishermen frequently caught pigfish 
from Rollover Pass. 


CYNOSCION NOTHUS (Holbrook). Silver Squeteaque. Fifty-six examples 
of this sciaenid (Family Otolithidae of some authors) were captured in 15 of 
29 collections. In view of its affinity for sand bottom and high salinities, this 
species appears to be closely restricted to Gulf beach areas. 

ASTROSCOPUS Y-GRAECUM (Cuvier). Stargazer. Six individuals, 58 to 
155 mm. in length, were taken. 


FISH SPECIES NEWLY REPORTED IN JUNE, 1955 

The June, 1955, investigations added 16 species to the 25 reported 
for the Gulf during a similar period in 1954 (Reid, 1955b). Most of the 
newly reported forms were taken in small numbers and, other than 
adding to the faunal list, probably bear little on the general popula- 
tion and distributional picture. All of the newly reported fishes are 
designated in Table 7. Some of the species reported, however, do bring 
to light some interesting aspects of distribution and occurrence, and 
possibly reflect the role of Rollover Pass as a highway in local distri- 
bution. 


CYPRINODON VARIEGATUS VARIEGATUS Lacepede. Variegated 
Cyprinodon. Although their small size facilitated escape through the seine 
mesh, 61 specimens of this cyprinodont were caught in five of the 29 collec- 
tions. One haul caught 57 individuals; the salinity at the time was 29.3°/,, and 
the temperature was 31.6% C. During his study in the Aransas area of the 
Texas coast, Gunter (1945) caught 6,673 C. variegatus in the bay, but none 
in the Gulf. Kilby (1955) caught large numbers of the cyprinodont in the 
Gulf marshes at Cedar Key and Bayport, Florida, but no C. variegatus were 
found in the sandy or sandy-mud areas. It is almost certain that these fish 
had moved into the Gulf from East Bay through Rollover Pass. The area in 
which they were collected in the surf and tidal pools was nearly one mile 
from the pass. 


LAGODON RHOMBOIDES (Linnaeus). Pinfish. Four pinfish (Sparidae) 
were caught in the surf, and their presence there had somewhat curious 
aspects. The author (Reid, 1956) has pointed to the high degree of association 
between this species and vegetated areas. Furthermore, Gunter (op. cit.) 
caught the species in the Gulf only in November and January. The individuals 
caught at Gilchrist apparently had migrated into the Gulf locality through 
the pass. 
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Two sciaenids, the spot Leiostomus xanthurus Lacepede, and the Atlantic 
croaker, Micropogon undulatus (Linnaeus), were not caught in the beach- 
zone during the 1954 study, but were taken in June, 1955. Both of these species 
normally inhabit Gulf areas. 


THE MAIN MASS OF THE BEACH-ZONE FISH POPULATION 


Except for considerable variation in abundance of certain of the 
fish species, the greater proportion of the mass of the eulittoral fauna 
was composed of essentially the same species in 1955 as in 1954. One 
of the conspicuous differences was the increase in number of star 
drum, Stellifer lanceolatus (Holbrook). Whereas in 1954 this species 
constituted less than one per cent of the catch (Reid, 1955b), in 1955 
it made up nearly 27 per cent. Conversely, the bumper, Chloroscombrus 
chrysurus (Linnaeus), was less abundant in 1955, the 1954 catch 
making up slightly over four per cent of the total as compared with 
a neglibible proportion during the 1955 study. The catch of the thread- 
fin, Polydactylus octonemus, declined from eight per cent of the total 
in 1954, to less than one per cent in 1955. The pompano, Thachinotus 
carolinus (Linnaeus), appeared in greater proportion in the 1955 catch; 
it constituted 11.3 ner cent of the total as compared with 3.6 per cent 
the previous June. The sea catfish Galeichthys felis (Linnaeus), made 
up 5.2 per cent of th» 1954 catch and 11.1 per cent of the 1955 total. 

Two species of mullets, Mugil cephalus Linnaeus and M. curema 
Cuvier, together made up 9.7 per cent of the total catch (Table 1). 
These fishes were commonly caught, although not in particularly 
large numbers, during the daytime collections. Their nocturnal be- 
havior, however, permitted their being captured in considerable quan- 
tity. During the ebb of tides at night, mullet became concentrated in 
great numbers in the very shallowest water along a considerable 
extent of the beach. When a light was played upon them, they took 
flight, but soon returned if the light was extinguished. The concentra- 


tion remained until the tide turned, at which time the fishes deserted 
the shallow water. 


King-whitings, Menticirrhus americanus (Linnaeus) and M. lit- 
toralis (Holbrook), were notably more abundant during the 1955 study 
than in 1954. Only ore unidentified specimen was caught during June- 
July, 1954, whereas 371 individuals of both species were taken in June, 
1955. Together these two species made up 6.0 per cent of the total fish 
catch. 

Another significant difference in abundance from 1954 to 1955 was 
shown in the catch of the menhaden, Brevoortia patronus Goode; in 
1954, this species constituted nearly 59 per cent of the catch, while in 
1955 it made up only 4.4 per cent. The difference is accounted for on 
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the basis of frequent schools of fish near shore during the 1954 study, 
when hundreds were taken in each of several seine hauls. Only one 
collection during the 1955 study caught a large number of menhaden. 

During the 1954 investigation, the small black tip shark, Carcar- 
hinus limbatus (Miller and Henle), the leatherjacket, Oligoplites 
saurus (Bloch and Schneider), and the sargassum fish, Histrio gibba 
(Mitchill), were caught in the surf collection. These were not taken 
during the present study, although the shark was known to be present. 
The alga, Sargassum, which was so very abundant during the previous 
study and which is the habitat of H. gibba, was not present in June, 
1955. 


HABITAT AND SIZE RELATIONSHIPS 


Several of the species which occurred in both the bay and Gulf, 
and in sufficient nurrbers to produce fair samples in the collections, 
were characterized by correlations between size range of individuals 
and the habitats occupied. Gunter (1945) has shown relationships 
between size of fish and the salinity for 22 species of fishes in the 
Arkansas area. In view of the relatively similar salinities of the upper 
part of East Bay and the Gulf (average difference about nine parts 
per thousand) and ample opportunity for migration through Roll- 
over Pass, we prefer to relate the association to habitat with all its 
inherent characteristics. 

In the bay, only 7.6 per cent of 222 specimens of the white mullet, 
Mugil curema, were over 50 mm. in length, while 100 per cent of the 
individuals caught in the Gulf were larger than 50 mm. The bay 
inhabitants ranged in size from 22 to 88 mm.; the Gulf mullets ranged 
between 56 and 148 mm. in length. 

Fifty-seven per cent of the 2,702 anchovy, Anchoa mitchilli diaphana, 
measured in East Bay, fell into the size group under 35 mm. (Reid, 
1956). Of 224 fish from the Gulf, only seven examples were less than 
35 mm. long; 96.8 per cent of the sample was larger than 34 mm. The 
Gulf specimens ranged from 20 to 63 mm. in length. 

Small menhaden, Brevoortia patronus, were considerably more 
abundant in the bay than in the Gulf. Ninety-two per cent of the 1,156 
bay specimens measured was less than 60 mm. in length (Reid, 1956) 
while only nine per cent of 134 examples taken in the Gulf was smaller 
than 60 mm. 

At least two species common to both Gulf and bay indicated similar 
size distribution for both areas. Although a greater number of small 
silver perch, Bairdiella chrysura (Lacepede), was caught by trawl in 
the bay than by seine in the Gulf, the size ranges of the fish from the 
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two habitats compared favorably. Similarly, the sizes of the sea catfish 
Galeichthys felis, were essentially the same in both areas. 


The length-frequency distribution of Gulf rough silversides, 
Membras martinica vagrans (Goode and Bean), from the bay and 
Gulf, presented an enigmatic pattern. The graphic length-frequency 
distribution of 45 bay specimens (Figure 1) is a fairly normal one 
ranging from 22 to 62 mm., with most of the individuals falling be- 
tween 27 and 40 mm. in length, and the modal class being 35 mm. The 
lengch-frequency distribution polygon for 47 Gulf silversides (Figure 
1) shows the marked negative skewness, possibly indicating absence of 
part of the population. The fishes ranged from 16 to 45 mm. in length. 
The modal class of the Gulf specimens was 32 mm., and it contained 
14 examples; only three specimens were larger than 32 mm. 


The size groups in the Gulf population of the star drum, Stellifer 
lanceolatus, are considered here in order to present additional life 
history data on the species. Gunter (1945) stated that this species 
prefers salt water, and this is substantiated by findings from the 
present study. He also found (op. cit.) the star drum to be less abundant 
on the lower Texas coast than in Louisiana. The presence of the fairly 
abundant population in the area of the present study suggests the 
possibility of an increase in numbers along the Gulf from the Aransas 
area toward Louisiana. Relative to spawning and to age groups present 
in various seasons, Gunter (op. cit.) reported only one size group in 
June, 1941, in the Aransas region; the fish were from 93 to 123 mm. 
long (total length). Two size groups were present in Gunter’s area in 
October; the young-of-the-year, 38 to 68 mm. in total length, and 
fish 93 to 113 mm., total length, which were in their second year of 
life. Figure 2 clearly indicates the presence of two age groups in the 
Gulf at Gilchrist in June, 1955. The group of larger fish, 71 to 105 mm. 
(standard length), corresponds to the one group Gunter found in 
June, while the class of smaller individuals, 22 to 52 mm. in length, 
represents the class which did not come into Gunter’s catch until 
October. During the 1954 East Bay-Gulf study, only nine star drum 
were caught in the Gulf; they belonged to the larger group. Seven 


examples of the young-of-the-year class were caught in the bay in 
June, 1954. Similarly, 47 S. lanceolatus, 26 to 43 mm. in length, were 
caught in the bay in June, 1955. Gunter (op. cit.) failed to capture star 
drum in either Copano Bay or Aransas Bay in June. The problem 
basically appears to be one of seasonal variations in local and general 
abundance, influenced by ecological factors in the habitat or by time 
of spawning. 
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GROWTH OF BLUE CATFISH. (ICTALURUS 


FURCATUS) IN LAKE TEXOMA 
ROBERT M. JENKINS 
Oklahoma Fishery Research Laboratory, Norman 

ABSTRACT. The average rate of growth of blue catfish (Ictalurus furcatus) 
in Lake Texoma as calculated from examination of spines of 192 individuals, 
5 to 44 inches in total length, indicated that a length of 5.7 inches was 
reached at the end of the first year of life, and in successive years, average 
total lengths of 10.0, 13,8, 17.4, 21.0, 25.8, 30.3, 34.3, 40.4, 42.1, and 44.0 inches 
were attained. The length-weight relationship of individuals in the length- 
range 9-27 inches is described by the equation logW =—2.9988 + 3.3993 
log L, and from 27-45 inches by the equation log W= —3.4110 + 3.7055 
log L. The rate of growth was much faster than that exhibited by channel 
catfish, and nearly equal to flathead catfish growth. Attention should be 
given to the feasibility of introducing blue catfish into small lakes as a 
potential sport and food fish. 

Contrary to the widespread opinion of fishermen, the blue catfish, 
Ictalurus furcatus (LeSueur), is restricted in Oklahoma primarily to 
the Red River and to Lake Texoma, a 93,080-acre reservoir on its 
course. A single collection from the Poteau River constitutes the only 
other record of its occurrence in the State (Cross and Moore, 1952). 
Anglers mistakenly identify large, broad-headed, male channel catfish 
as a distinct species, and erroneously report catches of “blue cats” 
throughout Oklahoma. The appearance of large numbers of “true” 
blue catfish in Lake Texoma soon after impoundment in 1944 quickly 
established it as an important sport fish, and created problems in 
commercial fishery regulation as it is readily captured in large mesh 
gill nets. At present, the blue catfish is classified as a game fish. 

No information on the rate of growth of this inhabitant of the 
Mississippi River and its largest tributaries is known to have been 
published, and such data concerning an important sport and potenti- 
ally valuable fish is needed in fishery management. 


MATERIALS AND METHODS 
Length and weight measurements and pectoral or dorsal spines 
taken from 192 Lake Texoma blue catfish during the past nine years 
are included in this growth study. Years of collection and collectors 
include: 
1) 1948; William H. Thompson; 6 fish 
2) 1949; Carl D. Riggs and students; 51 fish 
3) 1953; Alfred Houser; 51 fish 
4) 1954-1955; Virgil E. Dowell; 89 fish. 


Contribution No. 61 of the Oklahoma Fishery Research Laboratory, a cooperative unit of 
the Oklahoma Game and Fish Department and the University of Oklahoma Biological Survey. 
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Table 1. Average calculated total length of blue catfish in Lake Texoma arranged by 
year-classes. Number of fish in parentheses. 








Year- Average ted Total Le: n_Inches £ Y 
class 1 2 3 4 S 6 7 8 9 10 11 
1954 4.7 
(3) 
1953 4.0 10.5 
(15) (15) 
1952 3.7 8.7 13.1 
(1) (1) (1) 
1951 4.3 8.3 12.8 17.2 


(a (19 (19 (9) 


1950 4,4 8.1 11.8 14.7 18.5 
(30) (30) (30) (23) (11) 


1949 4.5 8.3 12.2 15.5 17.6 23.7 
(23) (23) (23) (23) (12) (4) 


1948 6.6 10.7 14.3 18.6 21.9 23.9 28.9 
(20) (20) (20) (20) (20) (8) (3) 


1947 6.0 10.4 14.8 18.1 22.2 25.4 . 27.0 
(40) (40) (12) (12) (12) (12) (1) 


1946 8.4 12.6 16.7 19.4 23.5 27.4 30.7 33.9 
(23) (23) (19) (9) (9) (9) (9) (1) 


1945 8.0 12.3 16.3 20.9 23.6 27.8 30.3 32.9 
(16) (16) (16) (14) (2) (2) (2) (2) 


1944 — 11.1 13.8 19.9 25.3 29.9 34.2 37.5 40.4 42.1 44.0 
(1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) 





1943 -- 12.3 18.0 22.1 27.6 32.3 
(1) (1) (1) (1) (1) (1) 
Grand 
Average 5.7 10.0 13.8 17.4 21.0 25.8 30.3 34.3 40.4 42.1 44,0 
Number of 
fish 190 189 142 112 68 37 16 4 1 1 1 


Most of the specimens were collected in 1 to 5-inch mesh bar 


measure gill nets, and the remainder by set line and hook and line 
fishing. 


In calculating growth, methods described by Sneed (1951) and 
Jenkins (1954) in aging channel catfish, Ichtalurus punctatus, and 
flathead catfish, Pilodistus olivarus, were employed. Spine cross- 
sections were cut at the distal end of the basal recess using the saw 
described by Leonard and Sneed (1951). The thin cross-section was 
placed in water, and the annuli identified and measured using a 
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Table 2. Length-weight relationship of blue catfish in Lake Texoma. Fish 
are grouped in one-inch length intervals. Two formulae were computed to 
describe the calculated relationships Formula A (length-range 9-27 inches) 
log W = -2.9988 4 3.3993 log L; Formula B length-range 27-45 inches) log 
W = -3,4110 $ 3.7055 log L. 





Average 
Length interval Number total length Average weight Calculated 

n_inches f fish s 

9-10 4 9.3 0.22 0,20 
10-11 9 10.5 0.31 0.30 
11-12 14 11.4 0.41 0.39 
12-13 13 12.3 0.52 0.51 
13-14 18 13.4 0.70 0.68 
14-15 11 14,4 0.86 0.87 
16-16 6 15.3 1.13 1,07 
16-17 10 16.3 1.28 1.32 
18-19 12 18.4 1.87 2.00 
19-20 8 19.5 2.28 2.43 
20-21 a 20.5 2.70 2.89 
21-22 7 21.4 3.33 3.34 
23-24 10 23.4 4.42 4.52 
25-26 6 25.5 6.08 6.06 
26-27 2 26.3 6.65 6.73 

158 
27-28 8 27.3 7.78 8.14 
28-29 4 28.6 9.45 9.67 
29-30 2 29.7 10.60 11.13 
30-31 3 30.2 12.97 11.83 
31-32 2 31.5 14.12 13.83 
32-33 1 32.6 16.00 15.71 
33-34 4 33.6 16.90 17.57 
34-35 1 34.2 19.00 18.76 
35-36 1 35.2 22.00 20.88 
44-45 Ys 44.0 46.00 47.75 
27 


low power microscope (36X) equipped with an ocular micrometer 
with a movable cross-hair. Measurements between annuli were 
made along the lateral axis on dorsal spines, and along the axis of 
the ventral lobe on pectoral spines, from the center of the lumen 
to the outer edge. 
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Table 3. Comparison of the calculated weight of Lake Texoma 
blue catfish with the state average for channel catfish and 


flathead catfish at various total lengths. 





po Calculated weight in pounds 


in inches Blue catfish Channel catfish Flathead catfish 





10 0.3 0.3 0.3 
15 1.0 1.1 1.3 
20 2.7 2.9 3.3 
25 507 6.1 6.8 
30 11.5 11.3 12.3 
35 20.5 19.2 20.3 
40 33.6 30.2 31.6 
45 51.9 -- 46.0 





For the purpose of this study, a direct relationship between 
spine radius and total body length was assumed. The relatively 
small size of the sample and the use of both dorsal and pectoral 
spines precluded the calculation of a body-spine relationship. The 
large size-range (5-54 inches) and the rapid growth displayed 
rendered such calculations unnecessary for the degree of accuracy 
presently required in fishery management. Direct proportion com- 
putations were made by averaging spine measurements and the 
empirical lengths of the fish from each age group, and back- calcu- 
luting average lengths at the end of each year of life through the 
use of a nomograph. Collections from each year were calculated 
separately, and regrouped to construct a growth history by combin- 
ing corresponding year-classes. 
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Fig. 1. Length-weight relationship of blue catfish in Lake Texoma. 
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CALCULATED RATE OF GROWTH 


Based on the grand average calculated growth of 192 indi- 
viduals representing year-classes 1943 through 1954, blue catfish 
reach a total length of 5.7 inches at the end of the first year of 
life, and at the end of each succeeding year, attain average lengths 
of 10.0, 13.8, 17.4, 21.0, 25.8, 30.3, 34.3, 40.4, 42.1, and 44.0 inches respec- 
tively (Table 1)). The yearly increment of growth decreases from 5.7 
inches the first year to 3.6 inches during the fifth year. The increment 
is irregular thereafter, due to the smaller number of fish represented, 
averaging 3.3 inches per year. There has been a general downward 
trend in the yearly rate of growth since impoundment in 1944, with 
the exception of the year 1954. The apparent increase during 1954 is 
due to errors inherent in the direct proportion method of calculation 
and in the growth formc of the bony spine (Marzolf, 1955), and does not 
represent any real increase in rate of growth. Average lengths of 
year-classes at the end of 1954 represent the most accurate expres- 
sions of growth-rate, as they are based on direct measurement, and 
do not invovlve back calculations. 


A decline in the rate of growth of fishes following impoundment 
of Southwestern lakes has been well documented in recent years, and 
has been generally attributed to the effects of interspecific competi- 
tion which occurs as the geometrically-increasing numbers and weight 
of offspring reach the potential carrying capacity of a particular body 
of water. The deceleration noted in blue catfish growth conforms to 
this general pattern, but is not as pronounced as has been described 
for catfishes in other Oklahoma lakes (Jenkins, 1954). However, 
Sneed (In Press) found a slightly accelerated rate of growth for Lake 
Texoma channel catfish from 1943 through 1948 in contrast to a 
declining rate in white crappie during the sam eperiod. He suggested 
that the enrichment of the bottom on inundation may have accounted 
for the accelerated growth of the bottom-feeding channel catfish 
during that period. 


LENGTH-WEIGHT RELATIONSHIP 


A total of 185 accurate length and weight measurements were 
available for the computation of a length-weight relationship. Calcu- 
lation of a formula including all of these individuals resulted in large 
disagreements between actual and calculated weights of individuals 
above 27 inches in length. The fish were divided into two groups 
above and below 27 inches, and two formulae derived which more 
closely fit the empirical data (Table 2). The largest blue catfish 
represented in the collections weighed 46 pounds and was taken by 
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Virgil Dowell on May 1, 1955. Larger individuals have been reported 
by fishermen, but none have been officially recorded. 


COMPARISON OF GRCWTH OF THREE MAJOR CATFISH 

The channel, blue, and flathead catfishes are all important in 
the sport fish catch at Lake Texoma. Only the latter species can 
now be harvested by commercial fishermen. Of 740 specimens of 
these three species taken in studies conducted at the University of 
Oklahoma Biological Station in the past 9 years, 65 percent were 
channel catfish, 25 percent were blue catfish, and 10 percent were 
flathead catfish. 

Comparison of the growth-rates (Figure 1) shows that the blue 
catfish nearly rivals the typically fast-growing flathead in growth 
in length, and is much faster than the channel catfish. The growth 
of all three is similar during the first two years of life, but in 
succeeding years the more abundant channel catfish falls far 
behind in rate of size increase. A comparison of weight at compar- 
able lengths (Table 3) indicates that the flathead is the heaviest 
of the three until a length of about 40 inches is reached, when it 
is surpassed by the blue catfish. The similarity in robustness and 
rate of growth of the blue catfish and flathead catfish make them 
equally vulnerable to commercial methods of capture, which poses 
a difficult problem at present for commercial fishermen and law 
enforcement officers. Due to this circumstance and to the rela- 
tively low catch by sport fishermen of blue catfish over 5 pounds, 
it is recommended that the State law in force from 1951 to 1953 allow- 
ing a commercial harvest of individuals over 5 pounds be reinstated. 

In view of the extremely fast rate of growth of the blue catfish, the 
excellent quality and flavor of the flesh, and the large size which it 
attains, more attention should be given to the establishment of this 
species as a prominent sport and food fish in small artificial lakes. As 
prophetically stated by Dr. David Starr Jordan 70 years ago: “It (the 
blue catfish) is of all the catfishes the one most deserving of cultiva- 
tion and popular favor, and which could with profit be introduced into 
other countries” (Forbes and Richardson, 1920). 
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GEOGRAPHIC RELATIONS OF OZARKIAN 


AMPHIBIANS AND REPTILES 
HERNDON G. DOWLING 


Department of Zoology, University of Arkansas, Fayetteville 


ABSTRACT. Ranges of the amphibians and reptiles of the Interior High- 
land (Ozark Plateau and Ouachita Mountains) are contrasted, and an attempt 
is made to correlate present distributions with the geologic and paleoclimatic 
history of the region. Salamanders are found to be better indicators of past 
distributional patterns than the other groups. The ecology of endemic species 
is described and interpreted in terms of adaptation for a semi-arid climate. 
Six herpetofaunal invasions of the Highland are suggested: a quite recent 
one from the east (Coastal Plain), a somewhat older one from the western 
plains, a late Pleistocene invasion from the north, and three or more older 
invasions from the Appalachian region. The predominance of eastern sources 
may be due to heavy reliance for evidence being put on salamanders (mostly 
deriving from the humid east), and not a true picture for the herpetofauna 
as a whole. 


The herpetofauna of Arkansas and the highland regions of adjacent 
states is, unfortunately, one of the least known in North America. 
Although more than 80 species have now been reported from this 
region (Table 1), further work will undoubtedly add others, and there 
are likely some species present which still await description. This lack 
of information makes the area a rather unsatisfactory subject for 
zoogeographic discussion, but the main features may now be outlined, 
and this in turn may serve as a stimulus for further study. 





GEOLOGICAL BACKGROUND 


The region under consideration is made up of two rather different 
provinces, the Ozark Plateau and the Ouachita Mountains. Together 
they make up an isolated upland area of some 50,000 square miles 
which is unequally divided among four states (Figure 1). Topographic- 
ally and geologically this area is similar to the Appalachian region of 
the East: the flat-lying strata of the Ozarks corresponding to the 
Allegheny Plateau, and the highly folded Ouachitas to the younger 
Appalachian Mountains. Separated as they are from other mountain 
regions by the relatively flat and low-lying Interior Lowlands to the 
north and west and by the Coastal Plain to the south and east, the 
Ozarks and Ouachitas, together with the Arkansas River valley which 
separates them, are often combined as the Interior Highland Region 
of North America (Atwood, 1940: 235). 

Unlike much of the Southwest, this region was not covered by the 
shallow seas of Cretaceous time and has presumably been above sea 
level since the Pennsylvanian period. More recently it must have 
served as a refuge for animals whose northern relatives were destroyed 
by the southward advancing glaciers of the Pleistocene epoch, which 
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Figure 1. OUTLINE MAP OF THE INTERIOR HIGHLAND REGION of 
North America, sho'ving the maximum extent of Pleistocene (Kansan and 
Illinoian) glaciers. The Arkansas River Valley, which separates the Ozark 
Mountains from the Ouachita Mountains, is here restricted to its alluvial 
deposits since this appears to be more meaningful biologically. (Data mainly 
from Fenneman, 1938, and Atwood, 1940.) 


at one time extended to the very edge of the Ozark Plateau. With such 
a history as this it does not seem surprising that endemic animals 
now occur in its herpetological fauna, but rather that there are so few. 

Although the Highland has persisted for a long time, it appears to 
have gained its isolation only recently. During the Permian period, 
and perhaps through the entire Mesozoic era as well, this Highland 
was merely the southern end of a large uplifted area that extended 
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northward and eastward toward the Great Lakes. It was not until the 
Cenozoic era, and some think late Cenozoic (perhaps Pliocene), that 
the sediments of the seas which had encroached so closely around 
this ancient Highland were sufficiently eroded away to give it some- 
thing of its present aspect. It may have even been Pleistocene time 
before the river systems were established which now give the region its 
distinct boundaries. 


PALEOCLIMATIC BACKGROUND 


It is extremely difficult to abtain any agreement on the climatic 
conditions extant in this region in past ages. A general outline is here 
attempted, based mainly on the concept that the physiological require- 
ments of the extinct animals were not far different from those of 
their modern relatives. During the Cretaceous period the Highland 
was exposed as a peninsula surrounded by shallow seas except for its 
northern border. The presence of pleurodiran turtles (Schmidt, 1940), 
which are now restricted to the tropics, on the southern “coast” of 
the Highland peninsula merely helps to corroborate geologists' opinion 
that the climate during Upper Cretaceous time was tropical here. 


Crocodile remains have been described (Zangerl, 1944) from as 
far north as Wyoming from deposits of Eocene age, indicating that 
this mild climate persisted into that epoch. Descriptions of turtles 
of the genus Macroclemmys (Zangerl, 1945), which are now restricted 
to areas 500 miles southward of these middle Miocene and lower 
Pliocene fossils from Nebraska and South Dakota respectively, sug- 
gests that the climate continued mild, though perhaps not tropical, 
through Miocene and early Pliocene time. Studies by Hibbard (1953) 
and others suggest that the Pliocene epoch continued warm until its 
close, but the large caliche zone near the top of late Pliocene sedi- 
ments (Hibbard and Riggs, 1949) also indicates a long period of severe 
aridity in Kansas, which was undoubtedly felt in the Highland as well. 


The arid stage at the end of the Pliocene was broken by pluvial 
conditions which accompanied (Quinn, 1956) the first glacial advance 
(Nebraskan) of the Pleistocene epoch. This epoch appears to have 
initiated a series of marked climatic fluctuations (Hibbard, 1955) 
even in this area, with humid conditions prevalent during the glacial 
advances and dryer, perhaps arid, conditions present during inter- 
glacial stages. The dry cycles, which were certainly arid through 
most of the Southwest, may have been moderated in the Highland by 
differences in relief and the proximity of the glaciers themselves. A 
Recent arid stage appears to have followed the last (Wisconsin) 
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glacial stage of the Pleistocene. With the increasingly humid condi- 
tions of historic time, the deciduous forest border has moved west- 
ward through the Highland, perhaps all the way from the Mississippi 
River Valley. However, some relic prairie regions have been left here 
as well as farther north and east (Schmidt, 1938). 


TAXONOMIC BACKGROUND 


Of the fifty or more species of reptiles which occur in the Interior 
Highland (Table I), none is endemic and all but a handful range 
throughout this region and over large areas of adjacent regions with- 
out any signs of differentiation. Only a few range limits and areas of 
intergradation serve to indicate, zoogeographically, that the Highland 
is present at all. Among amphibians the frogs show a similar disregard 
for this physiographic region. 

The salamanders, however, are in discrete contrast. With only 
twenty species represented in the region, one is an endemic genus 
(Typhlotriton), five are endemic species, and four well-defined en- 
demic subspecies of wider-ranging species have been described. Thus 
almost half of the salamanders which are found in the region show 
some degree of differentiation. 

Reptiles in general are much less confined by ecological factors 
than are amphibians, and they, along with frogs, tend to be much 
more motile than salamanders. Therefore they would be expected 
to spread more rapidly over highways and to be less restricted by 
barriers, particularly ecesic barriers, and would be less likely to per- 
sist as small isolated populations unless continually surrounded by 
physical barriers to their dispersal. This means that at the species 
level reptiles and frogs are usually poorer indicators of past conditions 
than the salamanders, but instead indicate present or only recent past 
restrictions on their distribution. Salamanders, on the other hand, 
by persisting in small populations or under conditions with a severe 
restriction on movement (i.e., cave dwelling), may indicate a distri- 
butional pattern that reflects the climatic conditions of some previous 
period. 


ENDEMICS 
Six species of salamanders are restricted to the Interior Highland 
(Figure 2). Although their ecological preferences are quite diverse, 
they show a common adaptation to more arid conditions than do their 
eastern relatives. 
Typhlotriton spelaeus, a monotypic genus of plethodontid sala- 
manders, is the most differentiated ecologically as well as taxonomic- 
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Figure 2. KNOWN RANGES OF THE SALAMANDERS endemic to the 
Interior Highland. Localities which have not been previously published are 
based on specimens in the University of Arkansas Department of Zoology 
collection. 


ally (morphologicaliy). It and its presumed closest relative, Typh- 
lomolge rathbuni of southern Texas, are both blind, white, cavern- 
dwelling salamanders. They are believed (Dunn, 1926: 251, 257) to 
have been derived from a Pseudotriton or pro-Pseudotriton stock, 
which otherwise is not found west of the Mississippi River. The cavern- 
dwelling habit is a successful method of retreating from an unfavor- 
able habitat above ground, and has been adopted in this region by 
fishes and crawfishes as well. 
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Eurycea tynerensis, a dwarf neotenic species, has a small range in 
the cherty limestone area near the western edge of the Ozark Plateau. 
It appears to court extinction by inhabiting a few gravelly streams 
which run, on the surface at least, only for a short time after heavy 
rains. Aided by its small size (about 45 mm.) and slender form, it is 
able to wriggle easily between the pebbles of its preferred habitat, 
both to avoid being washed into the mouths of hungry fishes during 
the short rainy periods and to follow the retreating water table during 
the dry periods. The drouth conditions of 1951-1955 have been instruc- 
tive in this regard, since Tyner Creek (the type locality) ran for only 
a few weeks at most during this time. After one of the longer dry 
periods a pit which was dug into the gravel of the streambed showed 
the water level to be some eight feet below the surface. Yet shortly 
thereafter a heavy rain brought the water level up to the surface again, 
and an apparently prospering population of E. tynerensis with it. It 
is the only salamander that occurs in this habitat. 


Eurycea multiplicata, with two recognized subspecies (multiplicata 
south of the Arkansas River Valley and griseogaster north of it), has 
a range which may extend over the entire Highland. Less specialized 
morphologically than E. tynerensis, it nevertheless lives in similar 
though not so rigorous habitats in the western, more arid part of its 
range. Farther east, under more humid conditions, it spreads out 
ecologically to include most small stream and streamside habitats. 


Although not so slender as E. tynerensis, its ability to wriggle through 
gravel will not be underestimated by anyone who has attempted to 
capture this species in a gravelly stream. 


Neither of the two endemic species of the genus Plethodon (P. 
caddoensis, P. ouachita) is very different in general morphology from 
the wide-ranging P. glutinosus. However, their presumed closest rela- 
tives are similarly isolated mountain salamanders, P. wehrlei and P. 
yonahlossee, in the Appalachians (Grobman, 1944: 286). Moreover, it 
has been pointed out (Pope and Pope, 1951: 136) that whereas P. 
glutinosus occurs with P. ouachitae on the more humid slopes of Rich 
Mountain, it is absent from the dry top where the latter occurs in 
abundance. All three species spend the day in burrows or in some 
shelter and come to the surface to forage at night. It has been noted 
(personal observation) that both P. ouachitae and P. caddoensis appear 
on the forest floor earlier in the evening than does P. glutinosus, which 
apparently must await cooler and thus more humid conditions. 
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Ambystoma annulatum, the only non-plethodontid among the 
endemic species, also, like most species of Ambystoma, avoids the 
generally dry conditions by burrowing. Unlike the plethodontids, 
which are able to breed under the same conditions as they live, it must 
migrate during a rain to an intermittent pond to lay its eggs. That it 
has modified the generic breeding habits to fit an arid situation seems 
unmistakable. There is some indication (Noble and Marshall, 1929: 
1-4, 10-11) that rather than having a restricted breeding season as 
most salamanders do, it may utilize any rainy period from September 
until April. (More detailed information has been given by Trapp, 1957; 
published after the manuscript for this article had been accepted for 
publication.) That life is hazardous even with flexible habits is pointe’ 
up by the observation that in a pond near Fayetteville only one breed- 
ing season in four years was successful. During the other three years 
the pond either did not fill or dried up before the larvae could meta- 
morphose. 


NON-ENDEMICS 


Some fifty of the non-endemic species range so widely over this 
and adjacent regions as to give no information on their derivation or 
their time of passage through the Highland. Species whose ranges 
merely extend into the region for a part of its area, or whose range 
limits coincide with the edge of the Highland on one side, however, 
indicate immigration from three main directions, and also from a 
more significant fourth direction. 


Extending up the major river systems of the Highland are repre- 
sentatives of the Southeastern Coastal Plain. Most, such as Amphiuma 
means and Hyla cinerea (and Natrix rhombifera?), are restricted to 
the coastal plain-type habitats furnished by the Arkansas River Valley. 
Others, like Anolis carolinensis and Ancistrodon piscivorus, have pene- 
trated farther. Botn of these species are found in the valleys of the 
Ouachitas, and the latter is found in various river systems of the 
Ozark plateau as well. Some of the populations of Anolis on the north 
slope of the Ouachita region may be relics separated from the main 
southern populations, as are the populations of Ancistrodon piscivorus 
north of the Missouri River (Anderson, 1945: 274). 


Another eastern fauna includes Plethodon cinereus, Eurycea 
longicauda, E. lucifuga, and Natrix septemvittata, all apparently de- 
rived from the Applachian region. P. cinereus and E. longicauda are 
both represented in the Highland by well-defined endemic subspecies 
(P. cinereus by two), whereas E. lucifuga and N. septemvittata have no 
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AMPHIBIANS AND REPTILES OF THE INTERIOR HIGHLAND 





Species or Subspecies 


Ozark 
Plateau 


Arkansas 
River 
Valley 


Ouachita 
Mountain 
Region 





Amphibia — Caudata 

Cryptobranchus a. alleganiensis 
Cryptobranchus alleganiensis bishopi* 
Necturus maculosus 

Ambystoma annulatum* 

Ambystoma maculatum 

Ambystoma opacum 

Ambystoma texanum 

Ambystoma tigrinum 

Diemictylus viridescens 
Desmognathus fuscus 

Plethodon caddoensis* 

. Plethodon cinereus angusticlavius* 
. Plethodon cinereus serratus* 

. Plethodon glutinosus 

Plethodon ouachitae* 

. Eurycea longicauda melanopleura* 
. Eurycea lucifuga 

. Eurycea m. multiplicata* 

. Eurycea multiplicata griseogaster* 
. Eurycea tynerensis* 

. Hemidactylium scutatum 

. Typhlotriton spelaeus* 
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Amphibia — Anura 

. Scaphiopus holbrooki hurteri 
. Bufo terrestris americanus 
. Bufo woodhousei fowleri 

. Bufo w. woodhousei 

. Acris gryllus 

. Pseudacris nigrita 

. Pseudacris streckeri 

. Hyla cinerea 

. Hyla crucifer 

. Hyla versicolor 

. Rana areolata 

. Rana catesbeiana 

. Rana clamitans 

. Rana palustris 

. Rana pipiens 

. Rana sylvatica 

. Microhyla c. carolinensis 


Reptilia — Squamata (Sauria) 
40. Anolis carolinensis 
41. Crotaphytus collaris 
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TABLE 1 (Continued) 











Species or Subspecies 


Ozark 
Plateau 


Arkansas 
River 
Valley 


Ouachita 
Mountain 
Region 
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51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
rae 
72. 
73. 
74. 
75. 
76. 
Ts 
78. 
79, 
80. 


e << 


Reptilia — Testudinata 


82. 
83. 
. Terrapene carolina 
. Graptemys pseudogeographica 
. Pseudemys floridana 
. Pseudemys scripta 
. Trionyx ferox 

. Trionyx mutica 


ge — Squamata (Sauria) (Continued) 
43. 
44. 
. Ophisaurus ventralis 

. Cnemidophorus sexlineatus 
47. 


Sceloporus undulatus, 
Phrynosoma cornutum 
Ophisaurus attenuatus 


Lygosoma laterale 
Eumeces anthracinus 


. Eumeces fasciatus 


Reptilia — Squamata (Serpentes) 
50. 


Carphophis amoena 
Diadophis punctatus 
Heterodon platyrhinos 
Opheodrys aestivus 
Coluber constrictor 
Masticophis flagellum 
Elaphe guttata 

Elaphe obsoleta 
Pituophis catenifer 
Lampropeltis calligaster 
Lampropeltis doliata 
Lampropeltis getulus 
Cemophora coccinea 
Natrix erythrogaster 
Natrix grahami 

Natrix rhombifera 
Natrix septemvittata 
Natrix sipedon 
Storeria dekayi 
Storeria occipitomaculata 
Haldea striatula 
Haldea valeriae 
Thamnophis sirtalis 
Thamnophis radix 
Thamnophis sauritus 
Tantilla gracilis 
Agkistrodon contortrix 
Agkistrodon piscivorus 
Sistrurus miliarius 
Crotalus atrox 
Crotalus horridus 


Sterotherus odoratus 
Macroclemmys temmincki 
Chelydra serpentina 
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recognized differentiation. Superficially this difference of taxonomic 
status suggests the presence of two Appalachian invasions. The two 
latter species, however, are monotypic and whether their taxonomic 
status indicates a recent spread of the animals or merely indicates 
the need of their further study is not known. Thus, there is no definite 
indication of more than one recent faunal invasion from this direc- 
tion, the recognizable one being of moderate age. Several other species 
have their ranges iimited at the western edge of the plateau and are 
thus clearly of eastern derivation. Most have broad geographic ranges 
and ecological tolerances (Ambystoma opacum, and the eastern sub- 
species of Bufo terrestris, B. woodhousei, and Microphyla carolinensis), 
or are of doubtful taxonomic status (Desmognathus fuscus brim- 
leyorum) and their exact provenance cannot be determined. However, 
all appear to be comparatively recent immigrants. 


Another group of species extends into the state from the western 
plains. Again the Arkansas River Valley is used as a highway, with 
Pseudacris streckeri, Phrynosoma cornutum, and the western 
subspecies of Scaphiopus holbrooki and Bufo woodhousei extending 
eastward on its alluvial deposits. Western species preferring rocky 
habitats, such as Crotalus atrox and Crotaphytus collaris (and 
Pituophis catenifer?) are found in the Highland proper, the Crotalus 
only in the Ouachitas but Crotaphytus in the Ozarks as well, with 
small (relic?) populations on rocky slopes carrying its range all the 
way to the Coastal Plain in both regions. 


The most poorly represented faunal element is composed of two 
typically northern species, Rana sylvatica and Hemidactylium scuta- 
tum. Both of these occur in widely spaced, obviously relic populations: 
Rana sylvatica having been found in a few localities on the Ozark 
plateau, Hemidactylium being represented by even fewer localities 
(sphagnum bogs) in both highland regions. 


DISCUSSION 


It is evident from the foregoing account that not only have animals 
immigrated into the Highland from several directions, but that there 
are also differences in the amount of time that the various species 
have inhabited the 1egion. These facts are indicated not only by the 
degree of morphological and ecological differentiation, which ranges 
in a taxonomic sense from the generic level downward, but also by 
patterns of distribution, which range from endemic forms, through 
those with relic populations, to those which have ranges continuous 
with their relatives outside the Highland region. The segregation of 
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these various groups in categories points up a very interesting correla- 
tion which may be made between the animal groups and the climatic 
features of past ages (Table 11). 


As pointed out above, the vast majority of the reptiles and many 
of the frogs have such wide distributions now as to give us no informa- 
tion upon their point of origin (or direction of immigration, if related 
to this region) nor any good method of assessing the duration of time 
that they have inhabited the Highland. This discussion, therefore, is 
confined to those species which are limited in some way by physical 
or biological features of the region. 


Those animals which range into the area from an adjacent region 
without taxonomic differentiation and with a range that is continu- 
ous with the adjoining populations are, with little doubt, animals 
which have had a recent expansion of their range. The fact that they 
are limited within the Highland or on one edge of it further indicates 
that they must have immigrated into the region rather than emigrat- 
ing from it into the other areas. This is corroborated by the geologic 
evidence. Similarly, those animals which are endemic to the region 
without known close relatives are ancient inhabitants of the Highland. 


It is the middle groups, then, that are the most questionable as to 
time correlation, although their sequence is less so. Those animals 
which are subspecifically differentiated are here assumed to be repre- 
sentatives of a more recent invasion than those with specific differen- 
tiation. It is realized that the rate of evolution may be different in 
various animal groups, but since all these animals belong to the same 
amphibian order (Caudata), this separation appears valid. That the 
differences expressed by taxonomic recognition at the generic leve" 
(Typhlotriton), or at the species level (Plethodon ouachitae, etc.) 
actually is indicative of differences in time of immigration may be 
questioned. However, the concept that a widely discontinuous range 
is older than a continuous one of similar scope, and that a discontinu- 
ous range without taxonomic differentiation is younger than a range 
with such differentiation will perhaps meet less opposition. For the 
most part, differences in interpretation of this type would not change 
the overall picture. 


By this reasoning, then, six faunal immigrations are recognized 
as represented by the animals studied (Figure 3). The sequence of the 
more recent invasions seems to be clear. Whether the two older recog- 
nized faunas actually represent two immigrations, one, or six cannot 
be clearly determined from the available data. However, the relation 
of this older, endemic fauna to the younger forms is obvious. The 
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fact that only the eastern humid faunas may be recognized among 
the older invasions is a reflection of the material available, rather 
than of the presumed absence of other faunas. Since these older 
invasions are here recognized on the basis of endemic salamanders 
which are plethodontids, and since the plethodontids are of eastern 
derivation, the leaning toward the humid faunas is obvious. Unfortu- 
nately, most frogs and reptiles, which make up the main arid faunas, 
spread too rapidly for their distributions to be meaningful on other 
than a recent basis. 


The only pertinent paleontological evidence known from the High- 
land is contained in the Pleistocene Conard Fissure faunas, which have 
not been adequately studied. The description of lizard jaws believed 
to be Phrynosoma (Gilmore, 1928: 28), which does not now occur that 
far east, may be the only available evidence for one of the interglacial 
arid stages. A more scientific approach to the study of this quarry 
(Brown, 1908) should offer valuable evidence on Pleistocene distribu- 
tion in the Highland. 


SUMMARY AND CONCLUSIONS 


The Interior Highland, although only weakly indicated as a bio- 
geographical region by reptiles, is made distinctive through the high 
endemism of its salamanders. Half of the salamanders found therein 
are represented as endemic species or subspecies, and one endemic 
genus is known. The Ouachita Mountains and Ozark Plateau are 
quite different structurally and to some extent biologically, but are 
herpetologically more distinct from surrounding regions when con- 
sidered together. Two endemic species of salamanders range over 
both the Ozarks and Ouachitas, while the distribution of the others 
is determined by special ecological requirements that restrict them 
to a small part of one or the other. 


It is here suggested that the present ranges of salamanders are in 
general better indicators of past distributional patterns than are those 
of other vertebrate animals. This is due to their narrow ecological 
requirements and low motility. Study of the present distribution of 
the herpetofauna suggests, (1) a recent movement from the Mississippi 
Valley through the Highland, following the advancing edge of the 
deciduous forest; (2) a post-Pleistocene immigration from the west- 
ern plains during an arid stage; (3) a Pleistocene invasion from the 
north during the Wiconsin (or earlier) glacial stage; (4) two or more 
immigrants from the Appalachian region during previous pluvial 
times. The first-mentioned is exemplified by the distributions of the 
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majority of amphibians and reptiles that inhabit the region, the second 
by only a few frogs and reptiles, the third by even fewer amphibians, 
and the fourth by salamanders only. Other immigrations have no doubt 
taken place, but are not defined by the available distributional infor- 
mation. 
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ABSTRACT. In Dona Ana County, New Mexico, Dipodomys ordii had a 
breeding season extending from the last two weeks in February to the first 
two weeks in June in 1956. The modal date for births was April 1. Females 
probably had two litters per season and averaged 2.37 embryos per pregnancy; 
since the adult sex-ratio was probably 1:1, the populational birth rate was 
no higher than 237 per cent. 


In southern New Mexico the Ord Kangaroo Rat (Dipodomys ordii: 
Heteromyidae) is a characteristic and abundant resident in areas 
having sandy, well-drained soil. During the period February, 1956, to 
January, 1957, a population of these animals was systematically trap- 
ped, to learn something of its structure in an area where it had not 
previously been studied. This report offers mainly descriptive informa- 
tion on phenomena allied to the breeding of this rodent. 


The area of study lies at 4200 feet elevation, 13 miles southwest of 
Las Cruces, Dona Ana County, New Mexico. The soil is a pink-colored 
sand, low in organic content. Rainfall averages less than nine inches 
a year, and in the recent past has been consistently below the mean. 
Dominant plants are mesquite, (Prosopis juliflora) and a yucca (Yucca 
elata). Present in lesser density are Salsola kali, Bouteloua eriopoda, 
Ephedra sp., and other forbs and grasses of apparently limited impor- 
tance to kangaroo rats. 


Animals were taken randomly either by a half-acre grid of 68 
snap-traps or by a linear setting of 21 stations with three snap-traps 
per station. Both trapping methods gave similar trap-night success. 


BREEDING SEASON. Figure 1 shows the frequency of parturition 
in Ord kangaroo rets on the study area in 1956. One known birth is 
represented in the figure; the remaining data used are occurrences 
of pregnant or lactating animals. To get assumed dates of birth of 


litters a certain number of days was added to the date of capture of 
the pregnant individual, in accord with the size of the embryos; 
gestation is assumed to occupy 28 days, after the indication of Day, 
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Figure 1. Frequency of births in Dipodomys ordii in southern New 
New Mexico, 1956. 


Egoscue and Woodbury (1936: 486). A uniform ten days was sub- 
tracted from the date of capture of lactating individuals to get the 
assumed date of parturition. Seventeen pregnant and five lactating 
animals are represented. 


By this method it is seen that the season for births in this popu- 
lation runs from the last two weeks in February to the first two 
weeks in July. About one quarter of the births occurred in the period 
March 21 to April 10, giving a clear modality at April 1, and slightly 
more than 40% of all births occurred in March and April together. 
Probably this mirrors the breeding activity of this population in 
1956 fairly accurately. In support of this it may be noted that no 
pregnant individuals appeared in the traps from June to the follow- 
ing January. Also, the sex ratio was apparently 1.7 males to 1 
female during March to June, and it was 1:1 in the period from July 
to February. If it is assumed that females pregnant or lactating 
spend less time above ground than do males, or possibly shift their 
diet somewhat, and in consequence are exposed to less risk of being 
trapped, the departure of the sex ratio from 1:1 in spring and early 
summer may be taken to support the picture of breeding activity 
outlined above. 


There are no other studies on the Ord kangaroo rat made in 
New Mexico referring to one locality for at least one year's time 
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(see for example Bailey, 1931: 265-271; Blair, 1943: 21-26). As a 
result it has not been clear just what limits may be set to the 
length of the breeding season. On the one hand (Bailey, 1.c. 168) 
breeding records have been published only for October, November, 
and December. On the other hand (Blair, 1.c. 24) a clear spring 
breeding season has been reported. From the present information 
it would seem that in southern New Mexico a spring-early summer 
breeding season is characteristic of D. ordii, and when the food 
situation is favorable a fall-winter season may occur. 


The peaks of parturition in the histogram (Figure 1) are about 
50 days apart. Such regular spacing indicates multiple breeding 
in the population, with many females having the second and even 
third litters when they are free of the duties of rearing the first 
and second ones. Probably females average close to 2 litters per 
season. Blair (1.c. 25) came to the same conclusion on the basis 
of live-trapping studies in the nearby Tularosa Basin. 


LITTER SIZE. The mean count in utero was 2.37 embryos, varying 
from 2 to 3. An apparently significant variation in mean count occur- 
red through the breeding season. In the period February 10 to March 
15 the count was 2.6 embryos per female; from March 16 to March 31, 
3.00, from April 1 to May 15, 2.28. This progression from low to high 
to low litter size within a population in one season is a previously 
noted phenomenon (Lack, 1948), and presumably bears some rela- 
tionship to environmental variation as it affects the food supply. 


The figure of 2.37 embryos represents succsesful implantations 
per female up to the time of capture. It cannot be said how closely 
this approximates litter size at birth; probably the latter is lower, 
but no information is available at this point. In the absence of other 
information, it will be useful to consider 2.37 embryos to represent 
mean litter size. 


If each female has 2.37 young per litter and breeds at least twice 
per season, and if there are about equal numbers of females and 
males in the population, the population birth rate may be taken as 
around 235% (4.7x50%). D. ordii must be considered to have a 
moderate birth rate only. 


BREEDING CYCLE IN THE MALE. No testes were saved for histo- 
logic examination. However, an index to spermatogenic activity 
can be obtained from the sizes of adult testes. Lengths of testes 
exclusive of epididymides were as follows (in millimeters, followed 
by sample size in parentheses): Jan., 7.0 (1); Feb., 11.0 (2); March 
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10.4 (12); Apr., 12.1 (10); May, 14.0 (7); June, 12.1 (7); July, 10.4 (5); 
Aug., 8.5 (7); Sept., 8.0 (8); Oct., 5.6 (8); Nov., 5.5 (1). 


It can thus be seen that February through July was the time 
during which adult male Ord kangaroo rats were probably capable 
of effective breeding. The fact that births of young actually fell 
within this period is of course suggestive. Actually, however, the 
two cycles are not in phase with one another in regard to their 
respective peaks of activity. The largest testes were found in males 
captured in May, at which time the breeding histogram (Fig. 1) 
shows the females to be severely restricting their sexual activity. 
Few conceptions appear to occur in May. Without much doubt 
females control the length of the breeding season, and probably the 
frequency of breeding, in this population, as is true of vertebrate 
populations generally. 
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NOTE 


HOMING INSTINCTS OF TWO BATS, EPTESICUS FUSCUS AND 
TADARIDA MEXICANA (MAMMALIA: CHIROPTERA).—On 18 September 
1956, four Eptesicus fuscus and six Tadarida mexicana were captured about 
six miles east of Justiceburg, Texas, in a small hole on the side of a cliff. The 
entrance was about six inches in diameter and by placing a net over the hole 
all the bats inside could be captured. These bats were taken to Lubbock, 
Texas (about sixty miles from Justiceburg), banded, and released. 


Three days later this area was again examined and five Eptesicus fuscus 
and one Tadarida mexicana captured. One of these, Eptesicus fuscus, was a 
bat that had been banded and released 18 September 1956 at Lubbock. The 
banded bat was released and the other four Eptesicus fuscus and one Tadarida 
mexicana were returned to the college, banded, and released. Due to the 
frequency of the visits and the fear that the bats might leave this location, 
no more visits were made until 7 October 1956. At that time four Eptesicus 
fuscus, four Tadarida mexicana and one Myotis sp. were captured. One 
Eptesicus that had been banded and released on 21 September 1956 and one 
Tadarida that was banded and released on 23 September 1956 were captured. 


In 19 days, 27 bats were captured from a small hole in a cliff near Justice- 
burg, carried 60 miles to Lubbock, banded and released. Three were recovered 
from the original point of capture, one Tadarida mexicana and two Eptesicus 
fuscus. 


Collecting was done with the assistance of a grant-in-aid from the National 
Institutes of Health.—Ted Tibbetts, Department of Biology, Texas Techno- 
logical College, Lubbock. 
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